 2  1 
other words, the authors are not stating that raising birds RWA causes these conditions to 9 9 become worse. Second, they emphasize that they did not analyze management practices and 1 0 0 other related on-farm variables. They state that shifting to RWA production necessitates changes 1 0 1 to production, such as reduced stocking density and longer downtime between flock production 1 0 2 cycles in a barn. Thus many of the negative impacts of RWA production can potentially be 1 0 3 diminished over time, but some might never be completely eliminated. For example, a recent 1 0 4 randomized controlled trial in pigs found that animals reared under RWA conditions had 1 0 5 worsened animal health when there were endemic viral and secondary bacterial infections on- As more animal production shifts from conventional to RWA programs, there is a need to information regarding these potential impacts, we believe a survey of individuals directly 1 1 0 6 involved with the raising of animals in the U.S. is needed to understand their experiences and 1 1 1 opinions with RWA and conventional production. Therefore, the objective of this study was to 1 1 2 survey veterinarians and producers directly involved in animal production about their experience 1 1 3 and perception of the impacts (positive or negative) of RWA animal production on animal health 1 1 4 and welfare. Specifically, this manuscript focuses on the effects of RWA production in the 1 1 5 poultry, beef, swine, and dairy sectors on animal welfare, food safety, and cost of production. The survey was designed to collect information from veterinarians and producers 1 1 9 involved with beef cattle, dairy cattle, swine, turkey, and broiler chicken production. The survey 1 2 0 tool was developed by study co-authors and was reviewed by industry experts in each 1 2 1 commodity for clarity, completeness, and usability. Respondents to the survey were only allowed to answer questions for one of the five 1 2 3 animal commodities, and this was based on the commodity that the respondent selected at the 1 2 4 very beginning of the survey as the commodity with which they were most familiar. The overall 1 2 5 survey included questions related to the respondent's RWA program experience, disease and 1 2 6 welfare challenges within the respondent's selected commodity, and experiences/beliefs about 1 2 7 RWA impacts on animal health and welfare, food safety, cost of production, and antibiotic 1 2 8 resistance. The survey was created for online administration using web-based survey software 1 2 9 (Qualtrics, Provo, UT, USA) and collected no identifying information from respondents. A 1 3 0 complete print-version of the survey is included in S1 Appendix. and Pig Improvement Company (PIC). Announcements were also made at multiple professional with RWA production (RWA respondent) or having no experience with RWA production 1 4 8 (Conventional respondent). Respondent role (e.g., veterinarian, producer) and RWA experience 1 4 9
were compared with two-sample Wilcoxon rank-sum (Mann-Whitney) tests. Likert scale graphs 1 5 0 were prepared in R (15) using packages licorice and ggplot2 (16). Analyses in this paper focus on study questions related to potential impacts of RWA 1 5 2 production on food safety, animal welfare, cost of production, demand for the respondent's question was necessarily answered. Ninety-five percent of respondents (n=536) were located 1 6 0 within the U.S. (Table 1) . Twenty-seven international respondents were excluded from the 1 6 1 analysis and are not included in the results that follow. Most respondents were practicing 1 6 2 veterinarians (n=248, 43.9%), producers (n=214, 37.9%), and technical services professionals 1 6 3 (n=44, 7.8%). Just over half of the respondents were working with (n=241, 42.7%) or had 1 6 4 previously worked with (n=76, 13.5%) animals being raised without antibiotics (RWA 1 6 5 respondents). The remaining respondents (n=248, 43.9%) had no direct experience with RWA 1 6 6 production (Conventional respondents). For the following analyses, only producers and Respondents indicated the factors that contributed to their decision to participate in RWA 1 7 6 production (RWA respondents) or reasons why they did not (Conventional respondents), and 1 7 7 these responses are shown in Table 2 . RWA respondents in all commodities most commonly 1 7 8
identified market-driven reasons for their decision to participate in RWA production. Specifically, the most common reason was "to fulfill a client/customer request" (>60% across all 1 8 0 commodities). Conventional respondents most commonly identified "concerns about negative 1 8 1 impacts to animal health and welfare" (>60% across all commodities) and "already raising common reasons for not participating in RWA production. with both believing that the animal health and welfare impact would be more negative than the 1 9 7
beliefs of their RWA counterparts.
1 9 8
Respondents were asked for their perception of customer (retailers, restaurants, or food 1 9 9 services) opinions regarding how RWA production impacts animal health and welfare. The was that their customers believe that raising animals without antibiotics would slightly improve 2 0 2 or significantly improve animal health and welfare (Fig 2) . This perception did not differ 2 0 3 between RWA and Conventional respondents. for all commodities except RWA beef respondents at 45%) believed that raising animals without 2 0 7
antibiotics would have no impact, slightly worsen or significantly worsen food safety (Fig 3) . Within the broiler and beef responses, significantly more Conventional respondents believed that 2 0 9
RWA production would negatively impact food safety than did RWA respondents (P<0.01 for 2 1 0 broiler and beef). When stratified by role, there was a difference of opinion in the RWA 2 1 1 respondent group between veterinarians and producers, with RWA producers believing that there 2 1 2 would be less of a negative impact on food safety when antibiotics are removed from the 2 1 3 production system than did RWA veterinarians. Within the Conventional group of respondents, 2 1 4 veterinarian and producer perceptions were more aligned regarding the impact of removing antibiotics from the production system on food safety. Across all five commodities, the perception among the majority of RWA and 2 1 7
Conventional respondents (> 60% for all commodities) was that their customers (retailers, restaurants, or food services) believed that raising animals without antibiotics would slightly 2 1 9
improve or significantly improve food safety (Fig 4) . There were no statistically significant 2 2 0 differences between RWA and Conventional veterinarians or producers within any of the 2 2 1 commodities; there was a general perception that customers believe that food safety is improved 2 2 2 by RWA production practices. Across all five commodities, most RWA and Conventional respondents (> 80%) believed 2 2 5 that raising animals without antibiotics would slightly or significantly increase the cost of 2 2 6 production ( Fig 5) . Among those respondents that work with beef cattle, significantly more 2 2 7
Conventional respondents believed that the cost of production would be increased than did RWA 2 2 8 respondents (P<0.01); there were no statistically significant differences within the other 2 2 9
commodities. Across all five commodities and RWA experiences, veterinarians were more likely 2 3 0 than producers to say that production costs would be increased. Respondents were also asked how they think RWA production would impact demand for 2 3 2 their protein or product. Across all five commodities, most RWA and Conventional respondents 2 3 3 (> 80%) believed that raising animals without antibiotics would have no impact or would slightly 2 3 4 increase demand for their protein (Fig 6) . Significantly more beef, dairy, and broiler RWA 2 3 5 respondents believed that demand would be increased when compared to Conventional producers were more likely than veterinarians to say that the demand for the protein or product 2 3 8 would be increased. Respondents were asked whether maintaining the RWA label on a product ever takes experience, responses to this question ranged from Strongly Disagree to Strongly Agree (Fig 7) . Agreed with this statement than Conventional respondents, whereas the percentages were approximately equal for the beef and broiler chicken respondents. In general, there were no contrary, the RWA respondents generally tended to indicate that raising animals without 2 7 0 antibiotics negatively affected animal health ( Table 2 and Fig 1) .
7 1
Veterinarians and producers indicated that RWA programs increase production costs ( Fig   2  7 2 5) but were less certain that there would be a concomitant increase in consumer demand (Fig 6) . Although respondents largely felt that RWA production negatively impacts animal health and 2 7 4 welfare, they overwhelmingly share the perception that the customer (retailers, restaurants or 2 7 5 food services) believes that animal health and welfare will be significantly improved by raising 2 7 6 animals without antibiotics (Fig 2) . Many respondents felt that there are times when maintaining 2 7 7 the RWA label takes priority over animal health and welfare (Figs 7 and 8) . In general, across all 2 7 8 surveyed commodities, respondents saw a need for increased auditing and assessment of animal 2 7 9
health and welfare in RWA systems (Fig 9) . The decision to use an antibiotic, including the optimization of when, why and for how long to 2 8 2 administer the antibiotic, can be a complex and multi-faceted topic (17, 18) . As is true in the of the risks and benefits associated with RWA production is needed, in addition to the 2 8 7 documentation of the changes that have been made in RWA systems to successfully maintain 2 8 8 animal health and welfare. This current study helps fill some of these knowledge gaps and conventional participants are fairly consistent. Even though the RWA responses were based on 3 0 0 the participants' experience of RWA production, it would appear that the RWA and conventional 3 0 1 respondents had similar perceptions of RWA production. Third, the questions regarding food 3 0 2 safety may have been based on pure opinion for many of the respondents because it is unclear information about certain foodborne pathogens in their animals. The findings from this study indicate that the retailers, restaurants and food services 3 0 9
might have a skewed perception of the impacts of RWA production. This is highlighted by the 3 1 0
respondents' opinions that their customers believe that RWA production improves animal health 3 1 1 and welfare (Fig 2) , in contrast to their own experiences and opinions (Fig 1) . Studies of food 3 1 2 industry customers are needed to determine the basis for their perceptions of the RWA impact on 3 1 3 animal health and welfare and to better understand the systems used to audit RWA production. Importantly, a detailed assessment of the auditing that the customers do to ensure that animal infrequently, on a small number of premises, or rely exclusively on the opinions and reports of 3 1 7 the producers, it is possible that health and welfare problems would be missed. Clearly there is a 3 1 8
need to educate customers and consumers about the role of antibiotics in food animal production 3 1 9 and the challenges of eliminating antibiotics completely from the production system. Findings humans are needed to address the current information gap." Clearly educational programs are 3 5 8 needed for the customers and consumers of meat products regarding animal production practices 
